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I. Basis of the report 

and are not annexed to tfjfe report since they do^wl^cantato amendn^ent^(nuies 7IX1^and 70. J^j?"' fifed" 



Description, Pages 
1-10 

Claims, Numbers 

1-35 

Drawings, Sheets 

1/6-6/6 



as originally filed 



received on 27.07.2004 with letter of 27.07.2004 



as originally filed 



2 - ass S!rsr4r=garrr' - - 

These elements were available or furnished to this Authority in the following language: , which is: 
. □ the language of a translation furnished for the purposes of the international search (under Rule 23.1 <t»). 

□ the language of publication of the international application (under Rule 48.3(b)). 

° nStSS^^t^ fUmiShed f ° rthe PUrp0S9S 0f intemationa. preliminary examination (under 

3 - appncation, the 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

D X^SZ^T^S^^S^^ «*• — ™* *> ^°nd 'he d,sc,esure 

° Sf„g^ s TJ„tSed ,0r ' naUOn reCO " ted ln ° 0mpU,er readable fomi fe ^""^ <° *e wnnen sequence 
4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

H the claims, Nos.: 36-41 

□ the drawings, sheets: 
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Re Item V 

Reasoned statement with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 



Reference is made to the following documents- 

DP/nr NCKER rf R ? l T AL " A three "P hase soft-switched high power density 
DC/DC converter for high power applications" 1988 IEEE, 2 October 1988 
(1988-10-02), pages 796-805, XP010519176 
D2: EP-A-0 430 242 (SYSTEL DEV & IND LTD) 5 June 1991 (1991-06-05) 

UZZT? international application relates to power conversion circuits and method to 
reduce reverse recovery losses in the secondary rectifiers, while primary switehlng 
elements switches at zero voltage. Aliening 

Relating claim 1 
Novelty 

of ciaimTZi! 01 ' WhiCh IS reQarded 98 b6ing the C,OS6St prior art to the subject-matter 
of cla.m 1 , discloses a power conversion circuit (Fig. 1 ) having a power transformer (L ) 

four sem,conductor switching elements (S1-S4) connected as a bridge across aXuTto 

the power convers.cn circuit and connected to a primary winding (in which Iprim f lows of 

the power transformer to reverse current trough the primary winding ' 

- a split secondary winding on the power transformer, 

- a first unidirectional current conducting device (first diode connecting the secondary 
wmd.ng to the output C 0 , via inductor I, ) connected from a one end ( + ) o th so* 
secondary winding to an inductor, w pllt 

- a second unidirectional current conducting device (second diode connecting the 
secondary winding to the output C 0 , R c via inductor L o) connected from a seconTend ol 
the split secondary winding to the inductor, *econa ena or 

-the inductor and a connection to an interconnection between two halves of the split 
secondary wmding being connected to the output power conversion circuit (0^7 
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- an injection voltage source (L^ C,) connected to the primary winding of the power 
transformer for applying an injection voltage to the primary winding in addition to an input 
voltage to the primary winding via the semiconductor switching elements. 

The snubber capacitor C 1 is a voltage injection source since it provides a voltage in series 
with the primary winding of the transformer (LJ. 

1 .1 The subject-matter of claim 1 differs from this known power conversion circuit of D1 
in that: 

- the injection voltage source is an auxiliary transformer having a primary winding in series 
with the primary winding of the power transformer and a capacitor in series with a 
secondary winding of the auxiliary transformer and connected to ground. 

The subject-matter of claim 1 is therefore new (Article 33(2) PCT). 
Inventive step 

1.2 The problem to be solved by subject-matter of claim 1 over D1 may be regarded as- 
to reduce the reverse recovery current. 

1 .2.1 Even if the skilled person would recognise the above mentioned problem which 
is also mentioned in D1 (see page 797, first column, lines 6-8), the skilled person would 
not be able to remove the injection voltage source of D1 consisting in the leakage inductor 
L, and the snubber capacitor C, and to substitute this element with the injection voltage 
source of claim consisting in an auxiliary transformer having a primary winding in series 
with the primary winding of the power transformer and a capacitor in series with a 
secondary winding of the auxiliary transformer and connected to ground. 

On the contrary in D1 a completely different solution is given and the man skilled in art 
would not be prompted to abandon the teaching of D1 . 

1 .2.2 Therefore subject-matter of claim 1 does involve an inventive step in the sense 
of Article 33(3) PCT. 

1.3 Claim 2 is dependent on claim 1 and as such also meets the requirements of the 
PCT with respect to novelty and inventive step (Articles 33(2) and 33(3)). 



Relating claim 3 
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Novelty 

oi J™7^:^. ; s 2) r rded as being ,he doses, prior art *° •» 

a power conversion circuit having: 

- a power transformer (with one primary winding and two secondary windings) with at least 
pnmary winding and at .east one secondary winding, a primary circuit (switeh a n d 
winding of the transformer T1 ) connected with the primary winding and adapte^o deZ 
a ma.n pnmary current alternating in direction through the primary winding and adapted Z 

poTeTfo TZ, 0 ^ SeC ° ndarV fr ° m ^ S6COnd ^ - * deNvIr 

onlof Semicon ^ uctor ""directional current conducting device (D1a, D1 b) in at least 
one of the pnmary and the secondary circuits and adapted alternately to conduct a 2 

c~ rr 9 through an associated ° ne ° f the * theUr^z" 

- an injection voltage source (T1) connected to apply a supplemental reverse bias voltaqe 
o the semiconductor unidirectional current conducting device sufficient rtermS 
onvard conductron (induced by the current W (see column 3, line 3^T£S£ 

ItZ T Ca T S ^ d6ViCe 31 the m ° ment When reverse — "t is lowingtrsaid 

toeTJ* 3 ? H nat,n9 ° f ma,n Primary CUrrent causin 9 a r ^^l of vo'age Across 
the associated power transformer winding. 9 across 

the fact "hat: " ° f C,alm 5 dlffers from *e power conversion circuit of D2 in 

"2 f menta - reV6rSe ^ V °' tage iS SUffiGient to terminate fo ™ard conduction in the 
device at times prior to each reverse biasing 

-the injection voltage source is an auxiliary transformer having a primary winding in series 
w,th the pnmaiy winding of the power transformer and a capacitor in seriel wrth a 
secondary winding of the auxiliary transformer and connected to ground 

The subject-matter of claim 3 is therefore new (Article 33(2) PCT). 
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Inventive step 

2.2 The problem to be solved by subject-matter of claim 3 over prior art D2 may be 
regarded as: to find an alternative way of D2 in reducing reverse recovery current. 

2.2.1 The man skilled art would not be able to modify the power conversion of D2 and 
combine the two new features which have a functional interrelation. 

2.2.2 Therefore the man skilled in art would not arrive to teh subject-matter of claim 
3 without using an inventive step. 

The subject-matter of claim 3 is therefore new (Article 33(2) PCT). 

2 3 Claims 4-22 are dependent on claim 3 and as such also meet the requirements of 
the PCT with respect to novelty and inventive step (Articles 33(2) and 33(3)). 

Relating claims 23 and 28 
Novelty 

3 Document D2, which is regarded as being the closest prior art to the subject-matter 
of claim 23, discloses (fig. 12): 

a power conversion circuit: 

- having a power transformer (with one primary winding and two secondary windings) with 
a primary winding and at least one secondary winding having a semiconductor rectifying 
means (D1a, D1b) coupled in current conducting relation with at least one secondary 
winding, an inductor (L1a, Lib) coupled in current conducting relation between the 
semiconductor rectifying means and an output connection; 

-an injection voltage source (T1) for applying a first, relatively low reverse bias voltage to 
the semiconductor rectifying means to halt forward conduction (induced by the current I ) 
(see column 3, line 31-58) and deplete carriers in the semiconductor rectifying means at 
the moment to each application to the semiconductor rectifying means of a reverse bias 
larger than the first relatively low bias voltage. 
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3.1 Therefore subject-matter of claim 23 differs from the power conversion circuit of D2 
in the fact that: 

- the injection voltage source applies low reverse bias voltage to halt forward conduction 
prior to each application to the semiconductor rectifying means of a reverse bias larger 
than the low bias voltage". 

- the injection voltage source is an auxiliary transformer having a primary winding in series 
with the primary winding of the power transformer and a capacitor in series with a 
secondary winding of the auxiliary transformer and connected to ground. 

The subject-matter of claim 23 is therefore new (Article 33(2) PCT). 
Inventive step 

3.2 The problem to be solved by subject-matter of claim 23 over prior art D2 may be 
regarded as: to find an alternative way of D2 in reducing reverse recovery current. 

3.2.1 The man skilled art would not be able to modify the power conversion of D2 and 
combine the two new features which have a functional interrelation. 

3.2.2 Therefore the man skilled in art would not arrive to teh subject-matter of claim 
3 without using an inventive step. 

The subject-matter of claim 23 is therefore new (Article 33(2) PCT). 



3 3 Claims 23-27 are dependent on claim 23 and as such also meet the requirements 
of the PCT with respect to novelty and inventive step (Articles 33(2) and 33(3)). 

3.4 The same reasoning applies mutatis mutandis to relative method claim 28 and 
dependent method claims 29-35. 

Therefore the subject-matter of claim 28-35 meets the requirements of Articles PCT 33(2) 
33(3). ^ 

Industrial applicability 

4. The present power conversion circuits of independent claims 1 , 3, 23 26 find an 
application as power supplies therefore the industrial applicability of claim is beyond any 
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doubt. 

Therefore independent claims 1 , 3, 23, 26 meet the requirements of Article 33(4) PCT. 
Reaming dependent claims also meet the requirements of Article 33(4) PCT. 
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What is claimed is: 

1 . A power conversion circuit having a power transformer, four semiconductor 
switching elements connected as abridge across an input to the power conversion circuit and 
connected to a primary winding of the power transformer to reverse current through the 
primary winding, a split secondary winding on the power transformer, a first unidirectional 
current conducting device connected from one end orthe split secondary winding to an 
inductor, a second unidirectional current conducting device connected from a second end of 
the split secondary winding to the inductor, the inductor and a connection to an 
interconnection between two halves of the split secondary winding being connected to an 
output of the power conversion circuit, characterised by an injection voltage source 
connected to the primary winding of the power transformer for applying an injection voltage 
to the primary winding in addition lo an input voltage to the primary winding via the 
semiconductor switching elements connected as a bridge, where the injection voltage source 
is an auxiliary transformer having a primary winding in scries with the primary winding of - 
the power transformer and a capacitor in series with a secondary winding of the auxiliary 
transformer and connected lo ground, 

2. The power conversion circuit according to claim 1, wherein the unidirectional 
current conducting devices are semiconductor switching devices. 



:one 



3. A power conversion circuit having a power transformer with at least . 
primary winding and at leant one secondary winding, aprimaxy circuit connected with [he 
primary winding and adapted to deliver a main primary current alternating in direction 
through the primary winding, a secondary circuit connected to the secondary winding and 
adapted lo receive a main secondary current from the secondary winding and to dehver 
electrical power- to a load, al least one semiconductor unidirectional current conducting 
device in at least one of the primary and secondary circuits and adapted alternately to conduct 
a main current passing through an associated one of toe windings of the power transformer; 
the improvement comprising; 

an injection voltage source connected to apply a supplemental reverse bias 
voltage to Ihe semiconductor unidirectional current conducting device sufficient to terminate 
30 forward conduction in the device and to deplete carriers in the device al times prior to each • 
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5 



10 



15 



reverse biasing of the device by an alternating of the main primary current causing a reversal 
of voltage across the associated power transformer winding, where the injection voltage 
source is an auxiliary transformer having a primary winding in series with the at feud one 
primary winding of the power transfoimer and a capacitor in series with a secondary winding 
of the auxiliary transformer and connecled to ground. 

4. The power conversion circuit according to claim 3, wherein the at least one 
semiconductor unidirectional current conducting device comprises two such devices each 
connected in series with an associated secondary winding. 

5. The power conversion circuit according lo claim 3, wherein the injection 
voltage source is coupled to the at least one primary winding to develop across the at least 
ono secondary winding a voltage producing across the semiconductor unidirectional current 
conducting device the supplemental reverse bias voltage. 

6. The power conversion circuit according to claim 4, wherein the injection 
voltage source is connected in current conducting relation with the at least one power 
transformer primary winding to develop across each secondary winding of the power 
transfoimer associated with a semiconductor unidirectional current conducing device the 
supplemental reverse biasing voltage biasing each of the semiconductor unidirectional current 
conducting devices. 



7. The power conversion circuit according to claim 5, wherein a current 
20 dcvelopcdinmc&stw^ ^ ^ 

primary winding of the power transformer timed to generate a voltage in the secondary 
winding of the power transformer producing the supplemental reverse bias voltage. 



25 



.one 



8. The power conversion circuit of claim 3, whercin the at least < 
semiconductor unidirectional current conducting device comprises at least one rectifying 
diode connected in scries with the at least one secondary winding between the at least one 
secondary winding and a load connection. 
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9. The power conversion circuit according to claim 8, wherein the at leasl one 
rectifying diode comprises a pair of rectifying diodes, each connected in series with al least 
one power transformer secondary winding. 

10. The power conversion circuit according to claim 3, wherein the at least one 
5 semiconductor unidirectional current conducting device comprises at least one rectifying 

electrically controlled semiconductor switching device connected in series wilh the at least 
one secondary winding between the at least one secondary winding and a load connection. 



15 



: one 



11. The power conversion circuit according to claim 10, wherein the at least . 

electrically controlled semiconductor switching device comprises a pair of rectifying 

1 0 electrically controlled semiconductor switching devices, each connected in series with at least 
one power transformer secondary winding. 

1 2. The power conversion circuit according to claim 10, wherein the at least one 
electrically controlled semiconductor switching device is a synchronous rectifier. 



13. The power conversion circuit according lo claim 1 1, wherein the pair of 
electrically controlled semiconductor switching devices is a pair of synchronous rectifiers, 
each connected in series with at least one power transformer secondary winding. 



14. The power conversion circuit according to claim 4, wherein the power 
transformer has a pair of secondary windings each connected in series with one of the 
semiconductor unidirectionai current conducting devices, the primary circuit comprises a 

20 circuit for delivering an alternating current through the at least one primary winding to 
produce alternating voltages across the secondary windings alternately biasing the 
semiconductor unidirectional current conducting devices into and out of conduction, the 
injection voltage source being a source of alternating voltage connected with the at least 
primary winding of the power transformer to produce alternately in the pair or secondary 

25 windings a first supplemental reverse bias voltage reverse biasing a first of the pair of 

semiconductor unidirectional current conducting devices and a second supplemental reverse 
bias voltage reverse biasing a second of the pair of semiconductor unidirectional current 
conducting devices. 
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15. The power conversion circuit according to claim 14, wherein the at least one 
primary winding and the secondary windings of the power transformer are wound such thai 
when the injection vollage produces the first supplemental reverse bias voltago reverse 
biasing the first oF the pair orsemioonducior unidirectional current conducting devices, the 
5 injection voltage also produces a first supplemental forward bias voltage forward biasing the 
second of the devices, and when the injection voltage produces the second supplemental 
reverse bias voltage reverse biasing the second or the semiconductor unidirectional current 
conducting devices, the injection voltage also produces a second supplemental forward bias 
voltage forward biasing the first of the devices. 

10 16. The power conversion circuit according to claim 14, wherein the circuit for 

delivering an alternating current through the at least one primary winding comprises a 
plurality of electrically controlled unidirectional semiconductor switches connected in a 
bridge configuration between a DC input connection and the at least one primary winding of 
the power transformer. 

15 17. The power conversion circuit according to claim 16, wherein the at least one 

primary winding of the power transformer and the injection vollage source are connected in 
scries and connected to a junction ora pair ofthe electrically controlled utudircctional 
semiconductor switches to deliver a current to the junction of the switches, whereby 
substantially zero voltage switching of the switches is assured. 

20 1 8. The power conversion circuit according to claim 14, wherein the circuit for 

delivering an alternating current through the at least one primary winding comprises a full 
bridge circuit coupled to the at least one primary winding and adapted to be connected across 
a DC source. 



19. The power conversion circuit according to claim 1 8, wherein the full bridge 
25 switching circuit comprises four electrically controlled unidirectional semiconductor 
switches. 
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20. The power conversion circuit according to claim 1 % wherein the four 
electrically controlled unidirectional semiconductor switches are electrically controlled to 
provide cuuent in a first direction through the at least one primary winding, a short across the 

5 at least one primary winding and the injection voltage source, current in a reverse direction 
through the at least one primary winding, and then again a short across the primary winding 
and the injection voltage source, whereby the first and second secondary windings produce 
voltages or opposite polarities with intervening periods of a substantially lower voltage 
induced therein by the injection voltage. 

21 . The power conversion circuit according to claim 20, wherein the at least one 
primary winding of the power transformer is connected at one end to a junction of a pair of 
the electrically controlled switches, and in series with the injection voltage source, the 
injection voltage source being connected to a junction or a rurthcr pair of the electronically 
controlled switches, the at least one primary winding and injection voltage source delivering 
current substantially triangular in its plot of current versus time to the junctions of the pairs of 
electrically controlled switches to assure substantially zero voltage switching thereby. 

22. The power conversion circuit according to claim 21 , the injection voltage 
source producing substantially an AC square wave voltage. 

23. A power conversion circuit having a power transformer with a primary 
20 winding and at least one secondary winding, an input circuit connected to the primaiy 

winding, an output circuit connected with the al least one secondary winding and having a 
semiconductor rectifying means coupled in current conducting relation with the at least one 
secondary winding, an inductor coupled in current conducting relation between the 
semiconductor rectifying means and an output load connection; the improvement comprising: 
25 an injection voltage source for applying a first, relatively low reverse bias 

voltage to the semiconductor rectifying moans to halt forward conduction and deplete carriers 
in the semiconductor rectifying means prior to each application to the semiconductor 
rectifying means of a reverse bias larger than the first, relatively low reverse bias voltage, 
where the injection voltage source is an auxiliary transfonner having a primary winding in 



10 



• 15 
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series with the primary winding of the power transformer and a capacitor in series with a 
secondary winding of the auxiliary transformer and connected to ground. 

24. The power conversion circuit according lo claim 23, wherein the injection 
voltage source is connected with the primary winding of the power transformer to apply a 

5 supplemental voltage that is an alternating voltage producing in the at least one secondary 
winding of the power transformer the first, relatively low reverse bias voltage. 

25. The power conversion circuit according to claim 24, wheroin the 
semiconductor rectifying means comprises first and second semiconductor rectifying devices 
connected with first and second secondary windings of the power nansfoimer, the auxiliary 

10 transformer applies an alternating voltage of first and second primary voltage levels to 

produce in the first and secondary windings first and second secondary voltage levels reverse 
biasing the first and second rectifying devices, respectively. 

26. The power conversion circuit according to claim 23, wherein the 
semiconductor rectifying means comprises a pair of semiconductor unidirectional current 

15 conducting devices, and the injection voltage source for applying * reverse bias voltage 
alternately reverse biasing the semiconductor unidirectional current conducting devices and 
driving carriers from that device into the other, conducting unidirectional current conducting 
device, 

27. The power conversion circuit according to claim 26, wherein the input circuit 
20 comprises a plurality of semiconductor switching means, connected with the power 

transformer primary winding and the injection voltage source, the injection voliago source 
being connected into the primary circuit to inject alternating current into the semiconductor 
switching means to assure substantially zero voltage switching thereof 

28. In a method of power conversion including switching a DC voltage to supply a 
25 power transformer primary, and rectifying with at least a first semiconductor rectifier a 

transformer output from a secondary of the power transformer, tho improvement comprising 
applying to the semiconductor rectifier a relatively low reverse bias voltage to deplete at least 
one semiconductor junction of the semiconductor rectifier of carriers in advance of each 
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application to the semiconductor rectifier ora relatively high reverse biasing power 
transformer secondary voltage excursion, wherein applying to the semiconductor rectifier a 
reverse bias comprises applying an alternating injection voltage waveform to the primary of 
the power transformer to produce in a secondary of the power transformer the reverse bias 
voltage applied to the semiconductor rectifier, wherein applying an injection voltage 
comprises providing an auxiliary transformer having a first winding connected to the primary 
of the power transformer and having a second winding connected through a capacitor to 
ground. 

29. The method according to claim 28, wherein recti lying with a semiconductor 
rectifier a power transformer output comprises rectifying the power transformer output with 
at least a second semiconductor rectifier; the improvement further comprising applying to the 
second semiconductor rectifier a relatively low reverse Was voltage to deplete at least one 
semiconductor junction of the second semiconductor rectifier of carriers in advance of each 
application of a relatively high reverse biasing power transformer secondary voltage 
excursion. 



30. The method according to claim 29, wherein applying to the first and second 
semiconductor rectifiers a reverse bias comprises applying an alternating injection voltage 
waveform to the primary of the power transformer to produce in a secondary of the power 
transformer the reverse bias voltages applied to the first and second semiconductor rectifiers. 



31. The method according to claim 29, further comprising applying to each 
semiconductor rectifier the reverse bias when the remaining semiconductor rectifier is 
conducting, 



32. The method according to claim 31, wherein applying to each semiconductor 
rectifier the reverse bias comprises driving carriers out orthe reverse biased rectifier andiru 
the conducting rectifier. 

33. The method according to claim 31, wherein applying the reverse bias further 
comprises applying the reverse bias to each semiconductor recti Her before application of a 
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higher voltage reverse biasing voltage thereto generated by the switched DC voltage supplied 
to the power transformer primary. 

34. Hie method according to claim 28, further comprising supplying an 
alternating current to a semiconductor switching circuit mat switches the DC voltage to 
supply the power transfonner primary to assure zero voltage switching thereof. 

35. The method according to claim 28, further comprising providing a full bridge 
semiconductor switching circuit as an input across the power tnmsfotmer primary and a 
source of the reverse bias voltage, activating the switching circuit to apply as the input a first 
voltage ofa first polarity and a second voltage of an opposite polarity and between each lirel 
and opposite polarity voltage, substantially no voltage. 
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